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I. Introduction 
A. Statement of thesis problem 
The general problem of this thesis is to determine the extent to 
which fine grain emulsrons can be employed in aerial photography, with 
specific application to miniaturization (see section I ... B). In such a study, 
the following factors become important: reduced scale, limited coverage, 
processing and enlargement technique, loss of speed through the use of 
finer grained emulsions. In this investigation, laboratory tes1Swere 
made to study these factors. These tests were to study the relative per-
formance of several systems (lens plus film) and to investigate methods 
of increasing the speed of fine grain emulsions without seriously af-
fecting the grain size. Finally:, few problems in aerial photography can 
be entirely solved by laboratory tests alone, and thus flight tests were 
made to test the results indicated by the tests in the laboratory. 
B. Miniaturization 
The trend in aircraft design has been to compactness, both in ex-
terior and interior dimensions. This has resulted in a smaller space 
being available in the plane for photographic equipment, accounting for 
the current interest in the use of miniature cameras (35 rom and 70 rom) 
in aerial photography. 
Besides the obvious saving in weight and space both in the plane 
and in the processing and storage of the photographs, the miniature 
camera has other advantages. Because of the short focal length of most 
miniature camera lenses, it is possible to construct a fast lens of high 
quality, thus reducing the exposure time and shutter speed needed to 
produce a given exposure (intensity X time). This has become increas-
ingly important due to the high speeds of pre sent-day aircraft and the 
accompanying increase in image motion because of these speeds. Fur-
thermore, as the exposure time can be reduced, the degree of stabiliza-
tion which the camera must maintain is also reduced, because of the 
shorter time in which vibration can affect the image. 
There naturally is a negative side to miniaturization. The most 
important factor is the reduced scale. Because of this reduction, all 
pictures must be enlarged before they can be used. The question, then, 
is whether an equally satisfactory photograph can be produced by using 
a miniature camera and enlargement as by using a regular aerial cam-
era. This will be determined by the flight tests in section V. If this 
question can be answered in the affirmative, the limited coverage is not 
a serious problem. Approximately equal areas at the same scale are 
included in a picture taken with a 75 mm lens on a 35 mm camera and 
enlarged 8 times and in a picture taken with a 24 inch lens on a 9 inch 
square format at the same altitude. 
Because of the added variable in the photographic process of en-
larging, problems of processing and enlargement technique become more 
important. Since the negatives are enlarged as much as 8 to 10 times, 
extreme care must be taken to prevent surface marks on the film. 
Even a small scratch becomes serious at this magnification. Further-
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more, the grain of almost all film types will be so noticeable as to de-
teriorate the qu ality of the picture. Thus it is necessary that the devel-
opment be as even as possible and be done with a developer which is not 
too energetic. 
Precise enlargement requires a high quality enlarging lens and an 
enlarger which is maximally isolated from vibration. Another critical 
point is the focusing of the enlarger. A good procedure has been to fo-
cus at the widest aperture of the enlarging lens, and then stop the lens 
down to provide a greater depth of focus and less chance of error. If the 
magnification is great enough to make the grain of the negative readily 
visible, a criterion of best focus is to have the separate grains in focus. 
For low altitude photography, the question of a projection material 
becomes important. If a high contrast negative material is used, the 
range of densities produced will be greater than can be accepted by or-
dinary enlarging papers, so that detail will be sacrificed in either the 
shadows or the highlights. This can be overcome by the use of transpar-
encies in place of enlarging paper. 
C. Choic;:e of c~mera 
Normally in miniaturization work, a choice will have to be made 
between a 35 mm or 70 mm camera. For the tests in this paper, the 
35 mm Exacta VX was chosen both because of its availability at this lab-
oratory and its fast f/1. 5 75 mm Biotar lens. 
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For general use in aerial photography, the 70 mm camera seems 
to provide the best results, largely because of the increased format 
size. By using a lens of the same focal length, the coverage in a single 
picture may be almost tripled (assuming a square format) over that for 
35 mm cameras (assuming the normal 3:2 format ratio). Or, a longer 
focal length lens may be used to provide the same coverage with in-
creased scale, reducing the enlargement needed to produce a photograph 
of the same dimensions. Thus the effect of grain and surface marks of 
the negative on the final picture is reduced. 
The status of lens design for 70 mm cameras at the present time 
is far below that for 35 mm cameras. However, this situation is being 
rectified and 70 mm cameras are being produced for use in aerial pho-
tography. One such camera is the P2 strike camera for use in jet air-
craft, which has an f/2. 8 76 mm four element Ektar lens. Since the fo-
cal length of this lens and the lens used in these experiments is essen-
tially the same, many of the results of this thesis will be applicable to 
this camera. 
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I I. Equipment and Materials 
A. Film 
When determining the type of film to be used for photography, 
four things must be taken into account: the grain size (and resolving 
power), the sensitivity to light, the color sensitivity, and contrast. 
The first two qualities are not independent since the choice of one 
influences the other. In the manufacture of the emulsion, the rate of 
precipitation of silver halide determines the average grain size, which 
in turn determines the number of sensitivity centers per grain, the 
probability that a grain be made developable by a given exposure to 
light, and hence the emulsion sensitivity. The detail siz.e which a 
film is capable of resolving is directly dependent on the average grain 
size of the emulsion. The inherent sensitivity of silver halide emulsions 
is limited almost entirely to the ultra-violet, violet and blue spectral 
regions. This sensitivity is increased to include the green, red and 
infra-red regions largely through the use of sensitizing dyes in the 
manufacture of the film. Aerial films are generally developed to a 
gamma (the slope of the straight line portion of the characteristic 
curve) of 1. 6 or 1. 7, although for low altitude work a somewhat lower 
gamma should be used, because of the decreased effect of haze in 
reducing the ground contrast. 
The films chosen for this thesis are not the only ones which 
could be used, but are representative. As a standard for comparison, 
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Aerographic Super XX was used, which has an ASA rating of 100 and 
relatively coarse grain. At the other extreme, Microfile was chosen 
with an ASA of 1 (because of underdevelopment) and very fine grain. As 
a compromise between speed and grain, a Germ&n-made film was used, 
Perutz Pergrano. This film is of medium speed (ASA 12) and medium 
grain. The color sensitivities and filter factors for these films are 
shown in Table 2. 1. 
Table 2. 1 Color Sensitivity Data for Three Film Types 
Film 
Aero XX 
Perutz 
Pergrano 
Microfile 
B. Development 
Color 
Sensitivity 
Panchromatic, 
Type C, with 
enhanced red. 
Panchromatic, 
Type B. 
(Approximately} 
Special Panchro-
matic, some red 
sensitivity. 
Filter F&ctor 
Yellow (12) Red (25) 
2 4 
2 6 
2 12 - 16 
The type and length of development has an effect on two important 
characteristics, contrast and grain, and to a lesser extent, on speed. 
Since Aero XX was chosen as a standard for compari'son, the stand&rd 
development was also chosen. This is development in a high contrast 
developer, D-19, to a gamma of 1. 6 to 1. 7. Perutz Pergrano is inherently 
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a low contrast film, and even with forced development in D-19, the 
maximum gamma which could be obtained was l. 43. However, the 
effect of this development on the grain of the film was so severe that 
somewhat less development was used which gave a gamma of l. 35. 
When Promicrol, a fine grain developer, was used, a maximum gamma 
of 1.16 was obtained, and for this reason was not used for the remainder 
of the tests. Microfile, when used in copying work, is ordinarily de-
veloped to gammas in the region of 3 and 4. Since this is much higher 
than the range of densities which can be accepted by enlarging paper, 
a relatively inactive developer, D-2.3, was used at half strength to give 
development to gammas approximating those used in aerial photography. 
After this developer has been diluted, it often becomes highly oxidized 
within a 24 hour period, and for this reason fresh developer was used 
each time and diluted shortly befor.e use. Promicrol was not used to 
develop o::..:Microfile because it was not available at the time most of 
this work was done. However a slight improvement is noticed in pre-
venting the grains from clump,i·ng. 
Photomicrographs of the grain size for these film-developer 
combinations as well as Microfile which has been latensified (see sec-
tion IV) are shown in Figure 2.1. These photomicrographs were taken 
from step wedges in the density range of 1. 0 to l. 2. The wedges for 
Aero XX and Microfile had been developed to a gamma of 1. 7 to 1. 8, Per-
grana with D-19 to 1. 35, and Pergrano with Promicrol to 1.14. 
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Promicrol, 16 min. 
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d. Microfile, Latensified 
D -23, 5 1 /2 min. 
f. Microfile, Promicrol, 
4 min. 
Figure 2. 1 Photomicrographs of Grain Size for Several 
Film-Developer Combinations 
Enlargement: Approximately XS OO 
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The characteristic H. and D. curves for the films as they were 
developed throughout the remainder of the work are shown in Figure 2.. 2, 
along with the pertinent data for these curves. 
With the exception of the developers and development times, the 
films were processed in identical conditions. A Nikor reel tank was used 
with chemicals at 68°F. After the actual development, the film was 
rinsed for 30 seconds in 2o/o acetic acid, 10 minutes in a standard hypo 
solution, and 30 minutes washing. 
C. Camera 
As already stated, the camera used for this work was a 35 mm 
Exacta VX. This camera has a focal plane shutter with a minimum 
shutter speed of 1/1000 second. The exposure times of 1/100 to 1/1000 
of a second are obtained by varying the width .of the slit between the 
curtains. Below l/100 second, a time lag is introduced between the 
release of the curtains. The camera was mounted across the line of 
flight to provide coverage to a greater degree: on either side. 
For most work in aerial photography at altitudes of 2000 to 20,000 
feet, a mediu,m focal length lens will be satisfactory. For this purpose 
an f/1. 5 75 mm Biotar lens was chosen, largely because of its wide 
aperture, which later proved to be impractical because of serious 
vignetting. Below 2000 feet, and possibly below 5000 fe.et, depending on 
the aircraft velocity, a shorter focal length lens will be necessary to 
provide enough coverage per exposure and time between exposures to 
9 
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provide 60% overlap. On the basis of the results in section ill, the best 
lenses for this purpose are the f/ 1. 5 50 mm Angenieux and the f/2 58 mm 
Zeiss Biotar. No tests were run on 28 mm or 35 mm focal length lenses, 
although under certain conditions it may be necessary to use a focal 
length of this size. For altitudes greater then 20, 000 feet, the 75 mm 
lens may still be used, although it may be desired to use a tele-photo lens 
to increase the scale. Also on the basis of the results in section Ill, the 
best lens for this would be the f/5. 5 180 mm Tele-Xenar. 
D. Camera mount 
In order to minimize the vibration effects on the camera, a mount 
was built. Since all flight tests were to be made in the T - LL3.ircraft, 
vibration tests were run under actual plO:t ographic flight conditions with 
a General Radio Vibration Meter. Type 761, in conjunction with a Vi-
bration Analyzer. Type 762. Values obtained from this test were: 
Acceleration 160 in. /sec. z R . M. s. 
Velocity . 25 in. /sec. R. M. s. 
Displacement . 001 in. R. M. s. 
The major frequency components in order of decreasing magnitude were: 
720 c. P· s. {Probably from engines} 
33 c. p. s. 
66 c. P• s. } 135 c. p. s. Approximately equal magnitude 
270 c. P· s. 
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There was also some random vibration which could not be measured, on 
the order of 2 - 5 c. p. s. 
To eliminate this vibration, Barry Mount #236-6 was chosen. This 
mount has a load range of 3 - 6 pounds and a corresponding deflection 
range in inches of • 050 - • 125. At maximum load and deflection, this 
mount has a natural frequency of 10 c. p. s., and provides 90% isolation 
of vibration from frequencies greater than or equal to 33. c. p. s. 
The rear window of the T -11, through which the photographs were 
to be taken, has a 10° deviation from horizontal when the craft is in the 
air. To correct for this and hence be permitted to take vertical photo-
graphs, the camera mount was built in two sections, correcting for the 
10° angle as shown in Figure 2. 3a. In order to bring the weight of the 
camera and the upper portion of the mount to the maximum rated load 
of the shock mounts of 24 pounds (4 mounts X 6 pounds per mount}, wood 
was added as indicated in Figure 2. 3b. 
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2 
I , 2, 3 , 4 = POSTS FOR 
SHOCK MOUNTS 
A,B,C = HOLES FOR BOLTS BY 
A 
WHICH FRAME IS ATTACHED TO PLANE 
WING NUT 
AND BOLT 
WOOD ADDED LATER TO 
BRING TOTAL WEIGHT TO 
MAXIMUM RATED LOAD OF 
SHOCK MOUNTS 
B 
HINGED COVER 
SCREW HOLES FOR 
SHOCK MOUNTS 
I 
Figure 2. 3 Sketch of CJ..mera mount for 35mm Exacta VX in T -11 Aircraft 
(Not drawn to scale) 
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ill. Laboratory Performance Study of Lenses for the 35 mm Exacta 
A. Test procedure for f/1. 5 75 mm Biotar lens 
The purpose of this study was to determine the improvement which 
could be expected at a given aperture by using a finer grain film, and the 
extent to which the image would be deteriorated because of the need for a 
larger aperture when using a slower, fine grain film. For this study, 
radial symmetry was assumed for the lens. 
The major components of the equipment (Figure 3,1) are the light 
source, filter holder, collimating system, camera, and triangular mount, 
with all except the light source being mounted to the lens bench. 
In order to permit the exposure of Microfile at the smaller a per-
tures, it was necessary to use an intense light source. After unsuccess-
fully trying a 100 watt Mikrark Illuminator and a small electronic flash 
unit, it was found necessary to resort to a Raythemn::Photographic Flash 
Tube Unit, Type F2A-la, which has a half power discharge rate of 2070 
microseconds to give an effective exposure of 1/500 second. A small 
section near the center of the tube was covered with opal glass to pro-
vide an even intensity. The remainder of the flash tube was taped to 
prevent the light from flooding the room, since the camera was used 
with an open shutter. 
The range of intensity needed was approximately 1:100, 000 (f/22 
14 
with a yellow filter on Microfile to f/1. 5 with no filter on Aero XX). and 
the only method which could be used without affecting the color temperature 
Figure 3. 1 Experimental Setup for L ens T esting 
CAMERA 
BODY --
/ 
/ 
' 
CAMERA 
FORMAT 
/' FOR ATTACHING /./1/ CAMERA TO MOUNT 
/ I 
~----- .----------
1 I 
TRIANGULAR 
__. MOUNT 
FOR ATTACHING MOUNT TO LENS BENCH 
Figure 3 . 2 Trian gular Mount for 35mm Exacta VX Camera 
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of the light was a series of neutral density filters in steps of 0. 3 
density. A slotted holder was constructed for these filters, and was 
then attached to the lens bench between the light. source and the collima-
tor t t.o ipermit easy acce s sability during the experiments. 
The collimator was a 30 inch Mt. Wilson type with a felt base to 
prevent the transmission of vibration to the collimator. U. S. A. F. 
6_,;-2- resolution targets were used, one high contrast (30: 1) and one 
low contrast (1. 6: 1), and these were mounted together and placed at the 
focal point of the collimator, along with an opal glass to insure even 
illumination of the targets. 
The camera used for these tests was a 35 mm Kine Exacta VX with 
an f/ 1. 5 75 mm Biotar lens. 
It was desired to alter the position of the targets in the lens field 
along the diagonal axis, in order to obtain a representative value for the 
lens as a whole. For this purpose a triangl,llar mount was constructed. 
(Figure 3. 2) The ratio of base to height of the mount is 3 to 2, the same 
as the corresponding ratio of the format size. By constructing the mount 
in this manner, the diagonal axi:s of the format is now horizontal with 
respect to the lens bench, and a change in field position could then be 
executed by simply rotating the mount and the camera together. Because 
the film could not be changed without removing the camera from the 
mount, the positions in the field could not be repeated exactly, although 
measurements of the final targets showed their position to be accurate 
within 0. 5°. 
16 
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The tests were run with open shutter on the camera and total room 
darkness. A minimum interval of 15 seconds was left between exposures 
to permit the condenser to become fully charged before being triggered 
and discharged into the flash tube. A regulated 28 volt D.C. supply was 
used, and the flash unit, with the exception of the tube itself and the trig-
ger circuit, was located outside the test room in order to keep vibration 
at a minimum. 
0 6 0 0 Exposures were made at 3 half-field angles: 0, .5 , and 12.5 s 
the total half-field angle being 16°. Apertures ranged from f/1.5 to f/22, 
and all three types of£.lm were used: Microfile, Perutz Pergrano, and 
Aero XX. Exposures were made both with and without a yellow filter, 
and 3 exposures were made for each different combination of film, aper-
ture, field angle, and filter. 
B. Results and conclusions for f/1. 5 75 mm Biotar lens 
A total of 486 exposures was made, with 2 targets on each exposure. 
Using a binocular microscope, readings of the tangential and radial com-
ponents of resolution were made on each target by 2 people. Thus the 
following results and conclusions are based on almost 4000 readings. 
I. Variation off axis. 
The arithmetic mean was taken of 6 readings (2 readings on 3 tar-
gets), and a portion of the results is plotted in Figure 3. 3. While these 
curves are the no filter c on di ti on, the corresponding curves made with 
a yellow filter are essentially the same. It should be noted here that 
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while the curves show no drop in resolution from f/2 to f/1.S, the vi-
gnetting was so severe that an increase in exposure of 2 had to be made 
to obtain readings off axis. For this reason the lens could not be used 
at f/1. Sunder practical conditions. 
From the graph it can be seen that the half-field angle of 6. S0 
has a tangential component higher than the radial component, while at 
12. S0 the situation is reversed. This is not an unusual occurence, but 
results from the crossing over of the tangential and saggital fields.l 
2. Area weighted average resolution. 
In order to determine a representative value over the fiel;d of the 
lens, the following procedure was carried out for each aperture-film 
combination: 
a. The arithmetic mean was computed for the values obtained with high 
and low contrast targets, and with and without a yellow filter. Equal 
weight was given to each of the four conditions for lack of a definite 
weighting factor. 
b. A weighting factor Ai was calculated as a percentage of the total 
area which each value should represent. The general procedure for this 
was to first draw a circle with radius equal to the distance from the cen-
ter of the format to the outside target position. Next the area outside 
the circle but inside the format was computed. Third, a circle was drawn 
of a radius such that the circle enclosed an equal area between itself and 
the position circle. Then the weighting factor for this position is equal 
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to the sum of the two areas divided by the total format a r ea. The pro-
cedure was repeated for the position half-way off axis, taking an area 
inside the position circle equal to the .area enclosed between the position 
circle and the dividing circle. The remaining area at the center of the 
format was taken as representing the value on axis. 
c. The area weighted average resolution was then calculated using the 
formula 
This corresponds directly to the USA F method of calculating AWAR2, 
with the exception that relative rather than absolute weighting areas 
were used. The pos s ibility was considered of drawing the curves for 
each aperture of resolution versus field angle and then taking equal areas3, 
but it was felt that an accurate curve could not be plotted from only 3 
positions. 
The results of this computation are plotted in Figure 3. 4. It is 
noted that the aperture which gives maximum resolution decreases as 
the size of the grain of the emulsion increases. This is in accordance 
with other work1, and is caused by the influ.ence of the diffusion of light 
in the emulsion layer relative to the total aberrations of the lens. 
3. Minimum shutter speed to prevent resolution loss through 
image motion. 
f'n "b rder to calculate the minimum shutter speed to prevent the 
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APERTURE 
Figure 3.4 A. AWAR for Given Lens-Film Combinations for 75mm Biotar lens, and 
B. Minimum Shutter Speed Required to Prevent Image Motion Greater 
than 75% of Line Width of AWAR (Calculated for Aircraft Velocity 
of 150 MFH and Altitude of 10,000 Feet.) 
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reduction of resolution below the AWAR, the assumption was made that 
two adjacent lines could still be resolved when displaced by 3/4 of the 
line width. The conditions chosen were those under which the flight 
tests would be made; an aircraft velocity of 150 miles per hour and an 
altitude of 10,000 feet. Then since the focal length of the lens is 75 mm 
or approximately 1/4 of a foot, the scale is 1:40,000. Therefore the 
motion in the image plane equals the aircraft velocity over the scale, 
or 1. 68 mm per second. Also, the width of the line in the target is the 
reciprocal of twice the resolution in lines per mm. Then by the basic 
assumption, 3/4 of this width is the motion which can be accepted before 
resolution is impaired. Hence the minimum shutter speed is given by 
the formula 
• 75 
t = 2 X Resolution X 
l 
--6 - ~econds. I. 8 
The results of these calculations are plotted in Figure 3. 4 on the 
i'cig.ht-hand scale. As noted on the figure, it is not always possible to 
attain maximum resolution for a given film when film speed and illumi-
nation are taken into consideration. 
4. Best feasible combination under practical considerations. 
Table 3.1 gives the maximum resolution to be expected from each 
film under five illumination conditions, and the exposure which should 
be used to attain that resolution. As already noted, the vignetting at 
f/1. 5 was so severe that this aperture could not normally be used. Also 
at f/2 there is considerable vignetting at the extreme corners, so that 
Table 3.1 Optimum Predicted Aperture - Shutter Speed Combinations 
Based on Laboratory Resolution Tests and Air Tests of 
Relative· Emulsion Speed 
!llumination 1 Film2 
--
Shutter Aperture Resolution 
·Condition (sec) · (F /number) {Lines/rom) 
XX 1/1000 16 5.0 
pp 1/5.00 8 75 
1. 
ML 1/500 5. 6 80 
M 1/500 2.8 64 
XX 1/1000 lL 51 
pp 1/500 5.6 72 
2. 
ML 1/500 4 69 
M 1/250 2.8 55 a 
XX 1/500 11 51 
pp 1/500 4 62 
3. 
ML 1/250 4 55 a 
M Not usable due to low sensitivity. 
XX l/Z50 11 51 
pp 1/250 4 55 a 
4. 
ML 1/250 2. 8 55 a 
M Not usable due to low sensitivity. 
XX 1/Z5.0 8 47 
PP 1/250 2. 8 52 
5. 
ML Not usable due to low sensitivity. 
M Not usable due to low sensitivity. 
I I 
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1 - Each succeeding condition represents a drop o£:.1:12 in average scene brightness. 
2 - Films: Aero XX, Perutz Pergrano, Microfile Latensified, and Microfile. 
--· ·- ~ - ~ 
a - Indicates resolution has been reduced by image motion due to the low 
shutter speed. 
under the assumption that information in all portions of the picture should 
be as clear as possible, the maximum aperture which could be used is 
f/2. 8. 
The relative exposure values in group 1 were derived by studying 
pictures taken under actual flight conditions. Shutter speeds given are 
those mar~ked on the Exacta VX, and the actual speed was not calibrated. 
The remaining exposures were calculated from these figures. The 
resolution values were taken from Figure 3. 4, taking into account the 
change of resolution with apertu~.re and the possibility of reduction of 
resolution through too low a shutter speed. When the average scene 
btightness is decreased by a fac t.or of two, the exposure may be cor-
rected by increasing the exposure time by a factor of two or opening the 
lens up to the next largest stop. The best combination was determined 
by the combination which gave the highest resolution according to 
Figure 3. 4. Where two combinations gave resolution values whi ch were 
within one or two lines of each other, the combination with the higher 
aperture was chosen, since there would probably be less aberration pre-
sent in the picture as a whole. Resolution for latensified Microfile was 
arrived at by assuming a lOo/oloss in resolution by the latensifying pro-
cess ( see Figure 4. 3 and accompanying text}. 
From the table it is seen that under no condition does Microfile 
in its normal state produce the best resolution. However, under nearly 
ideal conditions, latensified Microfile can produce the best results. 
This is obvious under maximum illumination, and when this illumination 
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2.5 
~s decreased by one-half, the difference of 3 lines in resolution below 
Perutz Pergrano will probably be more than made up for in the final 
picture by the smaller grain size. 
Under a wide variation of illumination Perutz Pergrano can produce 
excellent results. It would seem apparent then that this film or emulsions 
with similar speed-grain size characteristics represent an excellent 
compromise between the low speed and very fine grain of Micr ofile and 
the high speed and coarse grain of Aero XX. Naturally under extremely 
low illumination conditions, speed must be the prime consideration and 
Aero XX or even Tri-X must be used regardless of the price which will 
be paid in terms of lower resolution. 
C. Tele-Photo Lenses* 
In the event that the limited coverage of a tele-photo lens can be 
overlooked, such as in very high altitude work, the results are presented 
here of tests of resolution versus aperture for 2. tele-photo lenses. The 
test conditions were approximately the same as those performed on the 
75 mm Biotar lens, although on a more limited scale. The data was col-
lected for a low contrast USAF 6.['2' resolution target and only on-axis 
measurements were made. The results of these test& which were on 
Microfil~ are plotted in Figure 3. Sa. 
It is clearly evident that the f/5. 5 180 mm Tele-Xenar l.s far super-
ior to the f/5. 5 180 mm Tele-Picon lens. It is interesting to note that 
when the resolution values for the Tele-Xenar are multiplied by the factor 
180/75, thus eliminating the scale factor, the resolution curve corresponds 
* Original data by William Drumm. 
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almost exactly with the curve :for the 75 mm Biotar lens at the normally 
used aperture range of the lenses, f/8 to f/16. (Figure 3. 5b) Hence for 
given ground detail, the Tele-Xenar is capable of producing the same 
amount of detail on the film. In the final enlargement, if the ground 
detail is to be the same size in both pictures, the negative produced by 
the Tele-Xenar will probably give a better picture, since the amount of 
enlargement needed will be less. The reasons are that the grain will 
not be as pronounced and the fact that less enlargement means a shorter 
exposure time, and hence less chance for vibration to affect the print, 
and/or a smaller aperture on the enlarging lens, normally producing 
less aberration and a wider depth of focus. However, for a given film 
size, the angular coverage will be less than half that of the 75 mm lens. 
D. Short (50 - 58 mm) Focal Length Lenses* 
When photographs are to be made at low altitudes (below 1000 feet), 
the area covered in a single picture becomes one of the most important 
factors in determining the focal length df the lens to be used. This is 
in order to permit pictures to be taken with the normal 60% overlap 
between adjacent exposures. For this reason, heretofore unpublished 
data is presented here from res6lution tests on 5 of these lenses. 
The tests were made with a high contrast Boston University 6J.z-
resolution target and a 30 inch Mt. Wilson collimator, using Plus X 
film developed in Microdol. The exposure was varied by use of the 
shutter on the Exacta VX camera and varying the voltage supplied to the 
* Original data by Hadrian Lechner 
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light source, and the positions off the optical a x is were on the horizontal 
axis of the format. Because of the wide difference in test conditions, no 
attempt was made to correlate the results of these tests with the results 
obtained for the 75 mm Biotar lens. 
The five lenses tested were l) f/1. 5 50 mm Angenieux, 2) f/2 
50 mm Xenon, 3) f/2. 8 50 mm Zeiss Tessar (pre-set), 4) f/3. 5 50 mm 
Zeiss Tessar, and 5) f/2. 58 mm Zeiss Biotar. From the data collected 
by Mr. Lechner on these lenses, the AWAR was calculated by the same 
method as previously described, and th.e results are plotted in Figure 
3. 6a. 
The best overall lens of the 5D mm lenses is the f/1. 5 Angenieux. 
However, if work is to be done largely in the range of apertures from 
f/2 to f/5. 6, as with color film, the f/2. Xenon is of equal performance. 
When the f/1. 5 50 mm Angenieux and the f/2 58 mm Zeiss Biotar are 
reduced to a common level in terms of ground detail resolved, as in 
Figure 3. 6b, the two lenses give approximately equal performance. 
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IV. Special Techniques for Increasing the Emulsion Speed of Very 
Fine -Grain Emulsions 
A. General Discussion 
There are five places in the photographic process where attempts 
may be made to increase the effective film speed. These are: 1) before 
exposure (hypersensitization), 2) during exposure, 3) after exposure but 
before development (latensification), 4) during development, and 5) after 
development. Methods during exposure (2) have in general been found 
impractical. 4 During development (4) , an·.~.increase in speed may be 
obtained through the use of active developers and overdevelopment, but 
only at a great cost of increased grain, thus defeating the purpose as 
far as this study is concerned. Mter development (5), the negative may 
be treated with intensifiers, but the increase is in the toe of the curve 
and is limited to the silver grains Which have already been developed, 
but to an insufficient degree to be reproduced on the print. This study 
was confined to a search for methods of hyper sensitization (1) and 
latensification (3:) which give a substantial increase in speed with little 
effect on the grain of the film. 
To determine the effectiveness of the methods tested, sensitometric 
strips on Microfile were exposed for 1 second on the Eastman Intensity 
Scale Sensitometer, Special Type lB. Development was in a Nikor reel 
tank for 4 minutes in D-23, diluted 1:1, at 68° F. with constant agitation. 
Readings were made at each step with the Macbeth-Ansco Model 12 Color 
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Densitometer, and these readings were plotted on density versus log 
relative exposure graph paper to form H. and D. characteristic curves. 
The speed of each strip was determined by the following three sy:stems: 
1. • 5 Gamma speed system - This system is based on the ASA system 
(see below) but is de signed for aerial photographic mate rials. 
The limiting gradient point is defined as that point at which the 
slope has dropped to 1 I 2 its value on the straight line portion of 
the curve. The absolute exposure is found for this point and the 
• 5 gamma speed defined as • 5 times the reciprocal of the exposure. 
2. Weston speed system - This system takes into account the base 
density or fog level and the gamma of the characteristic curve. 
The exposure is determined which produces a density equal to 
gamma plus fog, and the Weston. speed is defined as 4 times the 
reciprocal of this exposure. 
3. ASA speed system - The American Standards Association speed 
system differs from the • 5 gamma system in that it defines the 
limiting gradient point as that point at which the slope has dropped 
to • 3 of the average gradient between the first point and a second 
point which has received an exposure greater than the first by 1. 5 
log units. The ASA speed is then defined as the reciprocal of the 
exposure at this point, and the exposure index, which corre-
sponds to speed in the other two systems, is 1 I 4 the ASA speed. 
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:Because of the variability of exposure times and development 
conditions, control strips were run with each method. The percentage 
increase in speed for each method over the control as measured by the 
three speed systems is given in Table 4. 1. The values given are the 
maximum obtained to the nearest 5%, and with the exception of post-
exposure to light, are with the given development of 4 minutes in D-23. 
For post-exposure to light, the figures are for increased development 
to correct for the reduced gamma. 
B. Exposure to Light 
1. Before exposure (hypersensitization). 
Since the silve-r halide grains require a minimum exposure before 
they are made developable, an increase in sensitivity would be expected 
by an even exposure to light before the camera exposure. (This is known 
as pre-fogging.) The exposure tends to activate the sensitivity centers, 
producing a weak latent image over the entire emulsion. This method is 
more effective for a camera exposure of low intensity and long duration, 
as in astronomical and spectroscopic work. High intensity light is more 
capable of starting latent-image growth than an equal amount of dim 
light. 4 
Method: Exposures were made with a darkroom safelight with a Series 
OA filter and a 15 watt bul!),, with a 30 volt supply. The distance 
from the source to the film and the exposure time were both 
varied. 
Best Conditions: 10 feet for 5 minutes. 
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Table 4.1 Percentage Increa.se in Emulsion Speed Obtained by Various 
Methods of Hypersensitization and Latensification On Microfile 
Before Exposu-re 
Method (Hype.rsensitlzation) 
Mter E~osure 
(Latensifi cation) 
A. Exposure to light. 
B. Other methods. 
1. NaCl and Borax in 
solution, alcohol rinse. 
2. NaC1 and Borax in 
solution. 
3 .• Mercury vapor. 
4. Ammonia and alcohol 
in water. Formula I. 
5. Amm-onia and alcohol 
in water. Formula 11. 
6. Ammonia in water, 
alcohol rinse. 
7. Ammonia in water. 
8. Distilled water. 
9. Distilled water, 
alcohol rinse. 
10. Alcohol. 
• 5 ){ 
15 
45 
5 
10 
4.0 
40 
30 
5 
10 
5 
5 
Weston ASA .5 Wes t on 
15 0 405 425 
35 25 25 25 
20 10 0 10 
5 5 15 20 
3.5 3.0 15 30 
30 .4'5 15 20 
40 50 a 
10 20 a 
30 35 a 
20 r.s a 
15 25 a 
a -Because of the ineffectiveness of methods 4 and 5 when used 
after exposure as compared with before exposure, methods 
6 - 10 were not used in Latensification. 
ASA 
405 
30 
-5 
5 
15 
15 
Effect: Slight increase in speed, largely in the toe of th e curve; 
slight reduction of gamma; base density raised considerably. 
2. After exposure {latensification). 
The effect of the light after the camera exposure is to intensify 
the latent image. For this purpose, both high and low intensity light 
are equally effective, but when low intensity light is used, less fog is 
produced and hence a higher effective film speed is obtained, since 
low intensity light is less effective in starting new latent-image centers. 4 
Method: The same method was used as before exposure. 
Best Conditions: 18 feet for 30 minutes. {Increased exposure did little 
except to raise the fog level.) 
Effect: Considerable increase in speed; large reduction in gamma 
{See Figure 4.1); slightly greater base density. 
Since this was by far the most effective method of increasing the 
film speed, further tests were run to determine its adaptability to 
actual photographic conditions. Figure 4.1 shows the effect of equal 
treatment before andafter camera exposure; in addition, curve A 
shows that increased development can correct for the decreased 
gamma. The original gamma of l. 7 could be readily obtained because 
of the inherent high contrast of Microfile and the previous underdevel-
opment. Figure 4. 2 shows ground photographs taken on Microfile with 
and without latensification. The whole roll of -film was latensified by 
suspending it against the wall and exposing it to the safelight. Equal 
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CURVE 
A 
B 
c 
D 
CONDITION 
POST-EXP 
POST-EXP 
PRE-EXP 
CONTROL 
FILM: MICROFILE 
1.0 2.0 3.0 
RELATIVE LOG EXPOSURE 
SPEED 
DEVELOPMENT l:S .5l:S WESTON ASA 
D-23, I: 0, 5·1/2 MIN. 1.75 3.88 3.48 3.78 
D- 23, I : I , 4 MIN. 1.02 5.00 6 . 19 3.85 
D- 23, I : I , 4 MIN. 1.54 .97 .83 .69 
D-23, 1: 1 , 4 MIN. 1.70 1.00 .92 .76 
Fi gure 4. 1 Effect of Equal Exposure to a Dim Sourc e B efore and After Exposure, 
and After E x posure with Incr e as ed Developm e nt 
35 
a. Untreated, 1 /50 sec at £/4. 
(Meter exposure.) 
c. Latensified, 1/50 sec at f I 4. 
b. Untreated, 1/50 sec at £/ 8 . 
d. Latensified, I /50 sec at £/8. 
Figure 4. 2 Ground Photographs Taken with Microfi1e with and without Latensification 
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exposure during enlargement and equal development was given for each 
photograph, all of which were printed on #2. enlarging paper. Note that 
photograph (d), which corresponds to an ASA rating of 4, is still lighter 
than photograph (a), indicating that an increase in speed somewhat 
greater than four times is obtained with the short exposure times used 
in actual photography, Figure 4. 3 shows resolution versus exposure 
at f/8 of the f/ 1. 5 75 mm Biotar lens, for Microfile with and without 
latensification. * While the maximum resolution has been decreased 
approximately 10%, the range of exposures which produces a resolution 
greater than or equal to 90% of maximum resolution has been extended. 
The overall drop in resolution is probably due to the increased devel-
opment , since post-exposure to light normally has little effect on the 
grain size of the emulsion. 4 
C. Other Methods of1Hypersensitization and Latensification 
The general effect of these methods before exposure is to increase 
the silver ion concentration. This is usually done by removing some of 
the halide ions in solution (such as water), or forming a complex with 
the halide ion which then evaporates (such as ammonia.} In the methods 
involving bathing the film, the effective speed increase is dependent on 
the speed with which the emulsion is dried, and for this reason a rinse 
of 80% alcohol was used with these methods. The effect of the methods 
after exposure is to increase the developability of those grains already 
exposed. The effectiveness of these methods is also dependent on the 
speed in drying. 
* Original data by William Drumm. 
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I. NaCl and Borax in solution. 5 
Method: The film was bathed for 2, 4, and 6 minutes in a solution of 0. 5 
grams NaCl and 2. 5 grams Borax to 1 liter of water. 
Best Condition: Before - 4 minutes. After - 2 minutes. 
Effect: Before - moderate . increase in speed, medium increase in con-
trast. After -Less increase in both speed and gamma. 
2. NaCl and Borax in solution followed by alcohol rinse. 
Method: Same as in 1, but followed by 1 minute in 80% methyl alcohol. 
Best Condition: Before - 4 minutes. After - 6 minutes. 
Effect: Before - good increase in speed, slight increase in gamma. 
After : - moderate increase in speed, little effect on gamma. 
3. Mercury vapor. 6 
Method: Film stored for 24 hours with a small amount of mercury. 
Effect: Before - slight increase in speed, little effect on gamma. 
After - moderate increase in speed, little effect on gamma. 
4. Ammonia and Alcohol in water. 7 Formula I. 
Method: The film was bathed for 2, 4 and 6 minutes in a solution of 3 cc 
ammonia and 250 cc alcohol in 1000 cc water. 
Best Condition: Before - 4 minutes. After - 2 minutes. 
Effect: Before - good increase in speed, moderate increase in gamma. 
After - less increase in both speed and gamma. 
5. Ammonia and alcohol in water. Formula II. 5 
Method: The film was bathed for 2, 4 and 6 minutes in a solution of 2 cc 
ammonia and 275 cc alcohol in 725 cc of water. 
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Best Condition: B-efore - .2 minutes. After - 4 minutes. 
Effect: Before and After - approximately the same as method 4. 
(Because of the relative ineffectiveness of methods 4 and 5 when 
used after exposure, methods 6 - 10 were not us.ed in latensification, 
since they are merely other combina.tions of the components in the two 
formulas.) 
6. Ammonia in water followed by alcohol rinse. 6 
Method: The film was bathed for 1 minute in a solution o·f 4 cc ammonia 
in 100 cc. water at a temperature of less than 55° F., followed 
by 1 minute in 80o/o. alcohol. 
Effect: Good increase in speed, slight reduction in gamma. 
7. Ammonia in water. 
Method: The film was bathed for 1 minute in the ammonia solution of 
method 6. 
Effect: Slight increase in speed and gamma. 
8. Distilled water. 6 
Method: the film was bathed for 3, 6 and 10 minutes in distilled water. 
Best Condition: 6 minutes. 
Effect: Moderate increase in speed, slight increase in gamma. 
9. Distilled water followed by alcohol. 
Method: The film was bathed for 3, 6, and LO minutes in distilled water, 
followed by 1 minute in 80o/o alcohol. 
Best Condition: 6 minutes. 
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Effect: Moderate increase in speed, slight increase in gamma. (Less 
effective than method 8.) 
10. Alcohol 
Method: The film was bathed for 1 minute in 80% alcohol. 
Effect: Moderate increase in speed, slight reduction of gamma, slight 
reduction in base density due to the dissolving of the anti-halation 
backing by the alcohol. 
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V. Flight Tests 
A. Flight Conditions 
In order to test the results of the laboratory tests, two flights were 
made. On Flight 1, exposures were made with Microfile with and without 
latensification. On Flight 2, exposures were made with Perutz Pergrano 
and Aerographic Super XX. The flight conditions for these tests are given 
in Table 5. 1, and are the same for both flights except as indicated. 
Table 5. 1 Conditions for Flight Tests 
Aircraft: 
Aircraft velocity: 
Altitude: 
Sky Condition: 
Camera: 
Mount: 
Lenses: 
Focus: 
Filter: 
Film: 
Development: 
T-11 
150 miles p e r h our 
10, 000 feet 
1 - clear, slight to moderate 
haze 
2 - broken, slight haze, low 
clouds moving in 
35 mm Exacta VX 
See section II - , D 
£/1.5 75 mm Biotar 
f/5.5 180 mm Tele-Xenar 
Infinity 
None 
All four classifications 
As given in section II - C 
B. Results of Flight Tests 
1. E ffect of aberrations and grain size on resolution. 
Figure 5. 1 shows typical photographs taken with the 75 mm Biotar 
lens on the four film classifications, enlarged 4 times. These verify the 
results in Table 3.1 in terms of relative resolution, although the actual 
resolution values are somewh at lower than are indicated in that table. 
Untreated Microfile (a), which has the smallest grain size, came out 
second best because of the deterioration of the image by aberrations at 
the wider apertures of the lens. Best overall picture quality, both 
resolution-wise and visually, was obtained with Microfile latensified (b). 
The increase in effective emulsion speed of 4, obtained through post-
exposure to a dim light (section IV - B), was enough to enable the lens 
to be stopped down to relatively aberration-free apertures. The pho-
tographs on Perutz Pergrano (c) are of almost the same quality as those 
on Microfile latensified, at this enlargement. The grain of the emulsion 
is barely noticeable, but would increase rapidly with greater magnifica-
tion. Aero XX (d) was a poor fourth, as would be expected from its high 
speed and coarse grain. The grain is quite noticeable and has already 
begun to detract from the overall quality. 
Figure 5. 2 is the central portion of a contact print m ade from a 
9 inch square negative, which was taken with a K-22 camera and a 12 
inch lens. The scales on this photograph and those in Figure 5. 1 are 
approximately the same. The 9 X 9 inch negative was developed in a 
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a. Microfile, 1 I 250 second at f I 2.8. 
b. Microfile latensified, 11250 second at £15. 6 
Figure 5. l Photographs at 10, 000 Ft. with 35 mm E xacta Camera 
and 7 5 mm Biotar lens. Enlargement: x 4. 
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c. Perutz Pergrano, 1/250 second at £/8. 
d. Aero XX, 1/1000 second at £/11. 
Figur e 5 .1 (continued) 
Figure 5. 2 Photograph at 10,000 feet with K-22 Cameras and 12" 
lens, Aero XX, l /225 second at £/8. 
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fine -grain developer, D -76, rather than the usual high contrast developer, 
D-19. Without further magnification, the picture quality of this print is 
nearly matched by both the Microfile latensified and the Perutz Pergrano 
35 mm negatives enlarged 4 times. Since this is the enlargement neces-
sary with a 70 mm square negative to produce approximately a 9 X 9 inch 
photograph, both of these films, and others of similar speed and grain 
size characteristics,can be recommended for use with a 70 mm camera. 
2. Comparison of medium and long focal length lenses. 
Figure 5. 3 shows photographs taken with the 75 mm Biotar and the 
180 mm Tele-Xenar lenses, and enlarged to the same scale. Equal 
exposure, 1/1000 at f/16 on Aero XX, was given for both. The photograph 
taken with the 75 mm Biotar was enlarged 10 times, while that with the 
180 mm Tele-Xenar was enlarged only 4 times. The two photographs 
vividly illustrate the results of section III - C. While the 75 mm lens is 
capable of much greater absolute resolution, the 180 mm lens gives 
greater ground resolution in the final picture. This is because of the 
decreased enlargement needed and hence a decreased effect from the 
grain of the emulsion. Once again it must be cautioned that the coverage 
with the 180 mm Tele-Xenar is less than one-half the coverage with the 
75 mm Biotar. 
3. 35 mm enlarged 8 times versus 9 X 9 inch contact print. 
Figure 5. 3 shows an 8 times enlargement of a 35 mm negative taken 
with the 75 mm Biotar on Microfile latensified. Figure 5. 4 shows a contact 
a. 180 mm Tele -Xenar, 1/1000 second at f /16. 
Enlargement: x4 
b. 75 mm Biotar, 1/1000 second at f/16. 
Enlargement: xlO 
Fi gure 5. 3 Comparison Photographs taken with 75 mm Biotar and 
180 mm Tele-Xenar Len ses, Aero XX, Enlarged to 
Same Scale. 
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Figure 5. 4 Photograph at 10,000 feet with 35 mm Exacta Camera 
and 75 mm Biotar lens, Microfile latensified, 1/250 
second at f/8, x8 enlargement. 
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Figur e 5. 5 Photograph at 10,000 feet with K-22 camera and 24 inch 
lens, Aero XX, l/400 second at f/22. 
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print from a 9 X 9 inch negative taken with a 24 inch lens at the same 
altitude. The two photographs are roughly the same scale, and both were 
cons iderably underex posed and printed on #5 pap er. Clearly the contact 
print is by far the better of the two. Thus the possibility of using 35 mm 
cameras in aerial photography must be rejected for most purposes. Note 
also that scratches in the negatives from processing are much more 
visible in the enlargement than in the contact print, emphasizing the need 
for extreme care in the handling of miniature f ilms . In the case of the 
aerial film, the scratches are from the winding and rewinding of the film 
during devehlpment in a reel tank. For the 35 mm film, they are probably 
caused by using a sponge to t a k e off the excess water between washing and 
drying. This could be overcome through the use of a bathing agent in 
place of the sponge. 
VI. Conclusions 
The increase in speed obtained on Microfile through post-exposure 
to light has brought the emulsion sensitivity to a minimum level for best 
results under normal illumination. Hence the grain size is also at a 
minimum and this film,- used in this way, provides maximum definition 
in terms of detail resolved. Then on the basis of X 8 enlargements of 
35 mm negatives on Microfile which had been latensified in this manner, 
the conclusion is reached that 35 mm cameras may not be used as an 
unqualified substitute for aerial cameras. However, they may prove 
valuable in some types of reconnaisance photography. 
The enlargement to 4 diameters of negatives on Microfile latensi-
fied and Perutz Pergrano produces good results. Since this is the 
amount of enlargement necessary to bring 70 mm negatives to approx-
imately the size of a 9 X 9 inch photograph, 70 mm cameras may be 
used in connection with these films and others of similar characteristics 
to replace aerial cameras for many purposes. The major exceptions are 
in the production of photographs for use in surveying and photogrammetric 
work, which require maximum definition at all levels of magnification. 
Aero XX is not recommended for use with miniature cameras except 
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in those cases where only the crudest results are needed, since miniature 
camera lenses are capable of higher resolution than this film can accomo-
date. At a drop in emulsion speed of 8 from Aero XX, Perutz Pergrano 
may be used over an illumination range of 32:1, and still produces better 
results than would be obtained with Aero XX. This range might be extended 
even further through the use of hyperse nsitization and latensification 
methods, without seriously affecting the grain size of the emulsion. 
Although the design of the tele-photo lenses does not permit as 
high a resolving power as with medium focal length lenses, their use 
is warranted in high altitude photography, where the decreased coverage 
can be overlooked, by the production of better ground resolution for a 
given object. 
In conclusion, then, fine grain emulsions (i.e. finer grained than 
Aero XX) in connection with 70 mm cameras may be used to produce 
satisfactory results in Aerial Photography. 
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ABSTRACT 
The general problem of this work is to determine the extent to 
which fine grain emulsions can be employed in aerial photography, with 
spe cific application to miniaturization. In such a study, the following 
factors become important: reduced scale, limited coverage, processing 
and enlargement technique, loss of speed through the use of finer grained 
emulsions. In this investigation, laboratory tests were made to study 
these factors. These tests were to study the relative performance of 
several systems (lens plus film) and to investigate methods of increasing 
the speed of fine grain emulsions without serious ly affecting the grain size. 
Finally, flight tests were made to verify the results indicated by t he 
laboratory tests. 
Miniaturization is defined as the use of 35 mm and 70 mm cameras 
in aerial p h otography. It has become important during the last few years 
because of increasing space limitations inside the aircraft. Besides the 
obvious saving in weight and space both in the plane and in the processing 
and storage of the photographs, the miniature camera has other advantages. 
Because of the short focal length of most miniature camera lenses, it is 
possible to construct a fast lens of high quality, reducing the exposure time, 
the time in which vibration and image motion ean affect the image, and hence 
the degree of stabilization which the camera must maintain. On the negative 
side, the reduced scale necessitates the enlargement of all photographs 
before they can be used. This increases the relative effects of the grain 
of the emulsion and uneven development, as well as introducing an addi-
tional variable in the photographic process, enlargement. 
The camera used in this work was an Exacta VX, 35 mm, with an 
f/1. 5 75 mm Bioi'ar lens. This lens was chosen largely because of its 
wide aperture, but this could not be used under practical conditions 
because of serious vignetting at f/ I. 5. The film chosen for a standard 
of comparison was Aerographic Super XX with a standard development 
in D-19 to a gamma of I. 6 to I. 7. At the other extreme, with respect 
to speed and grain size, Microfile was chosen. This film is easily 
developed to gammas of 3 and 4, but for the purpose of this work, it 
was developed in D-23, diluted 1:1, to a gamma similar to Aero XX. 
As a compromise in speedand grain size, a German film, Perutz 
Pergrano, was chosen. This film has an ASA exposure index of 12 
and medium grain. DevHopment was in D-19 to a gamma of I. 35. 
Because of the inherent low contrast of this film, the gammas of Aero 
XX and Microfile could not be attained. 
Extensive tests were run on the f/1. 5 75 mm Biotar lens with 
all three types of film, low and high contrast resolution tar gets, and 
with and without a yellow filter. From the results of these tests, the 
area weighted average resolution, or AWAR, was calculated for each 
aperture ..film combination. Then, under the conditions which would be 
used for the flight tests, the minimum shutter speed was calculated which 
would prevent the resolution from dropping below the AWAR bec&use of 
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image motion caused by the · movement of the airplane with respect to 
the ground. Next a table was prepared showing the predicted maximum 
resolution obtained under varying illumination conditions, taking into ac-
count the effect on resolution of increasing the aperture or the exposure 
time. The results of this table, which were confirmed by the flight tests, 
were: 1) Microfile must be exposed at too wide an aperture to obtain any 
I 
benefit from its small grain size, 2) Microfile which has been latensified 
by post-exposure to light (see below). produces the best results under good 
illumination, but also must be exposed at too wide an aperture under de-
creased illumination, and 3) Perutz Pergrano produces better results than 
Aero XX over a range of illumination of 32:1 • 
. :-: z 
Results of resolution tests:_.::>n
4
tele -photo lenses were used to com-
pare these lenses with the 75 mm Biotar. The best lens was the f/5. 5 
180 mm Tele -Xenar lens, which had a performance, in terms of ground 
detail resolved, equal to the Biotar lens. This result was verified by 
flight tests with the two lenses, and hence the use of tele-photo lenses is 
warranted in high altitude photography • where the decreased coverage can 
be overlooked. 
From previously unpublished data on four 50 mm lenses and one 
58 mm lens, the A WAR was calculated and the results plotted a_nd analyzed. 
The best of the 50 mm lenses was an f/1. 5 Angenieux. When the f/2 58 mm 
Zeiss Biotar lens and the Angenieux lens were reduced to a common level 
by removing the scale, the two lenses were of approximately the same 
performance. 
5 8 
Of the methods of increasing film speed before exposure (hypersen-
sitization) and after exposure but before development (latensificl tion), 
I 
the best method tested was post-exposure to a dim light. For this 
purpose, a darkroom safelight with a yellow filter and reduced J ppf.ied 
I 
voltage was exposed to Microfile for 30 minutes at a distance of 18 feet. 
I 
An increase in speed of 400% was obtained over its normal speed of I 
. I 
(because of underdevelopment). Equal treatment before exposur
1
e gave 
an increase of speed of only 15 %. When the method was used u J der 
I 
actual photographic: conditions, post-exposure to light gave a somewhat 
I 
greater increase in speed than 400%. Resolution tests showed a drop 
I 
I 
in resolution of 10%, but the resolving power was still greater t f an that 
of Perutz Pergrano. 
I 
Other methods of hypersensitization and labensification which Wllere 
I 
tested were NaCl and Borax in solution, Mercury vapor, and coJbinations 
I 
of ammonia and alcohol in solution. The maximum increase obt~ined 
I 
from these methods was 50%. I 
I 
The increase in speed obtained on Microfile through post-exposure 
I 
to light has brought the emulsion sensitivity to a minimum level for best 
results under normal illumination. Hence the grain size is also 
1
approx-
l 
imately at a minimum and this film, used in this way, provides maximum 
definition in terms of detail resolved. Then on the basis of X 8 enlarge-
ments of 35 mm negatives on Microfile which had been latensified in this 
I 
I 
manner, the conclusion is reached that 35 mm cameras may not be used 
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as an unqualified substitute for aerial cameras. However t h ey rp.ay prove ". 
I 
valuable in some types of reconnii.isance p hotography. I 
T h e enlargement to 4 diameters of negatives on Microfile latensi-
1 
fied and Perutz Pergrano produces good results. Since this is the 
I 
amount of enlargement necessary to bring 70 mm:..negatives to approx-
imately the size of a 9 X 9 inch photograph, 70 mm cameras maly be 
I 
I 
used in connection with these films and others of similar charact eristics 
I 
to replace aerial cameras for many purposes. The major exceptions are 
I 
in the production of photographs for use in surveying and photog~ammetric 
I 
work, which require maximum definition at all levels of magnification. 
I 
Aero XX is not recomm.ended for use with miniature came;ras in 
I 
general because the lenses of these cameras are capable of higher reso-
1 
lution than this film can accomodate. At a drop in emulsion speled of 8 
I 
from Aero XX, Perutz Pergrano may be used over an illumination range 
I 
of 32:1, and still produce better results than would be obtained with Aero 
I 
XX. This range might be extended even further through the use of hyper-
sensitization and latensification methods, without seriously affecting the 
I 
I 
grain size of the emulsion. 
In conclusion, then, fine grain emulsions (i.e. finer grained than 
I 
Aero XX) in connection with 70 mm cameras may be used to produce 
I 
results satisfactory for many purposes in Aerial Photography. 
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